Objective: To investigate the association between maternal employment and childhood overweight in low-and middle-income countries (LMIC). Design/Setting: We utilized cross-sectional data from forty-five Demographic and Health Surveys from 2010 to 2016 (n 268 763). Mothers were categorized as formally employed, informally employed or non-employed. We used countryspecific logistic regression models to investigate the association between maternal employment and childhood overweight (BMI Z-score > 2) and assessed heterogeneity in the association by maternal education with the inclusion of an interaction term. We used meta-analysis to pool the associations across countries. Sensitivity analyses included modelling BMI Z-score and normal weight (weightfor-age Z-score ≥ − 2 to <2) as outcomes. Subjects: Participants included children 0-5 years old and their mothers (aged 18-49 years). Results: In most countries, neither formal nor informal employment was associated with childhood overweight. However, children of employed mothers, compared with children of non-employed mothers, had higher BMI Z-score and higher odds of normal weight. In countries where the association varied by education, children of formally employed women with high education, compared with children of non-employed women with high education, had higher odds of overweight (pooled OR = 1·2; 95 % CI 1·0, 1·4). Conclusions: We find no clear association between employment and child overweight. However, maternal employment is associated with a modestly higher BMI Z-score and normal weight, suggesting that employment is currently associated with beneficial effects on children's weight status in most LMIC.
Longitudinal studies from the USA and Canada have demonstrated an association between maternal employment and increased risk of childhood overweight (1) (2) (3) (4) . Moreover, increasing maternal employment between 1968 and 2001 has been estimated to account for 10 % of the overall increase in overweight prevalence among children during this time period (5) . Maternal employment has also increased in low-and middle-income countries (LMIC). Over the past two decades, women's participation in the labour force has increased by 15 percentage points and, on average, 50 % of women in LMIC are currently employed (6) (7) (8) . This increase coincides with an increase in childhood overweight in LMIC. Between 1990 and 2010, overweight prevalence among children aged 0-5 years increased from 4 to 6 % (9) . It is hypothesized that initially maternal employment in LMIC may be protective against undernutrition, since additional income may be allocated towards meeting children's basic energy needs (10) . Although maternal employment can have positive impacts on households, as the economies in LMIC develop, there may also be unintended consequences for childhood obesity risk in LMIC, paralleling those observed in high-income countries.
Prior research provides some hypotheses on the mechanisms of the maternal employment-childhood overweight association. For example, one study indicated that the presence of a working mother was associated with increases in daily food intakes and total weekly expenditures (11) . However, as LMIC undergo their nutrition transitions and food environments and preferences change, lower-and middle-income households may use their income earned from employment to purchase energy-dense foods, which could increase the risk for childhood overweight (12, 13) . Du et al. demonstrated that there is a positive income elasticity (i.e. the quantity demanded of a good, relative to change in income) for high-fat and animal-source foods, suggesting that high-fat and animal-source foods are increasingly consumed among low-income groups in LMIC as country-level gross domestic product (GDP) increases (14) . Similarly, portion sizes and the purchase of ultra-processed foods have increased and traditional diets are being supplemented with liberal amounts of oils (15) . Maternal employment may also have effects on maternal time allocation that could increase child overweight risk (11, 16) . For example, working mothers may alter their preference towards more easily prepared foods or breast-feed for a shorter period of time (11, 17) . Despite evidence suggesting that there are plausible mechanisms through which maternal employment could now be associated with child overweight in LMIC, only one prior study examines this relationship.
Results from a small sample (forty-three children) in South Africa, an upper middle-income economy, suggested that children of working mothers had an eighteenfold higher odds of being overweight (18) . The primary aim of the present study was to address key gaps in the literature by testing the hypothesis that maternal employment is associated with higher odds of overweight among children aged 0-5 years in LMIC, using the most recent data available from forty-five countries. Evaluating overweight risk among young children is important for several reasons. First, although the current public health burden of overweight among children aged 0-5 years in LMIC is lower than in high-income countries, overweight prevalence in this age group has increased by 65 % in the past 20 years and is expected to increase further (9, (19) (20) (21) (22) . Second, size tends to track through the life course as infants defined as obese or who are at the highest end of the distribution for BMI are more likely to be obese at later life stages (22) (23) (24) (25) (26) (27) . Childhood overweight also has adverse consequences on adulthood cardiometabolic morbidity (22, 23, 28) . The secondary aim of the present study was to assess heterogeneity in the association between employment and childhood overweight by maternal education level, as prior literature suggests that the relationship between maternal employment and child nutritional status varies by maternal education and that women with higher educational attainment more often participate in formal sector employment (1, 4, 29, 30) . A better understanding of the relationship between maternal employment and childhood overweight in LMIC is critical given the long-term adverse health consequences associated with childhood overweight and the potential need for additional policies designed to support women in the workplace (22, 23, 28) .
Methods

Data source and population
We utilized cross-sectional data from the Demographic and Health Surveys (DHS). The DHS are standardized, allowing for cross-country comparisons, and employ a multistage cluster sample design that is nationally representative (31) . We utilized one survey per country from forty-five LMIC that met the following inclusion criteria: (i) it was the most recent survey administered between 2010 and June 2016; (ii) women were queried on their employment status; and (iii) the survey contained child anthropometrics. Four countries that had data available between 2010 and June 2016 were excluded because they did not have child anthropometrics. We included women, aged 18-49 years, who had at least one child aged 0-5 years (~45 % had one child,~55 % had two or more children). Children residing outside the household were excluded (n 14 832 (3·5 %) across all forty-five countries). Our final analytic sample included 268 763 children from 121 917 mothers.
Our sample was limited to 0-5-year-old children, since: (i) this is the age range for which DHS routinely collects child anthropometry; and (ii) evaluating overweight risk among young children is important because childhood overweight has adverse consequences on risk of overweight and cardiometabolic morbidity at later life stages (22, 23, 28) .
Dependent variables
Overweight or obese (henceforth referred to as 'overweight'), defined as BMI Z-score >2, served as our primary dependent variable (32) . Overweight was defined based on the age-and sex-specific 2006 WHO Child Growth Standards (33) . Individual-level weight (in kilograms) and length/ height (length if the child was <2 years old; measured in centimetres) were measured by trained technicians (34) .
Primary independent variable
We modelled maternal employment as a three-category variable, namely formally employed, informally employed or non-employed, based on research indicating that: (i) many women employed in LMIC are engaged in informal employment; (ii) wages are more than 50 % lower in the informal sector; and (iii) the maternal employment-overweight relationship varies by the number of hours women work (1, 29, 30, 35) . We describe women not participating in the labour force as 'non-employed' because this term includes persons who choose to not seek employment; 'unemployed' was not used because the term describes persons without jobs who are actively seeking employment (36) . 2524 VM Oddo et al.
Employment type was defined based on the following four indicators: (i) employment status in the last 12 months (employed, non-employed); (ii) aggregate occupation category (skilled, unskilled; see online supplementary material, Supplemental Table 1 ); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and (iv) seasonality of employment (all year, seasonal/occasional employment). Formal employment included the following combinations: (i) employed, skilled occupation, cash-only earnings, employed all year; (ii) employed, skilled occupation, cashonly earnings, seasonal/occasional employment; and (iii) employed, unskilled occupation, cash-only earnings, employed all year. Other employed women were categorized as informally employed (see Supplemental Table 1 ).
Confounders and effect measure modifiers
We identified confounding factors a priori using a directed acyclic graph, which is a causal diagram used to characterize the relationship among variables thought to influence the primary independent and the dependent variables based on both theorized and documented relationships (see Fig. 1 ) (37) . In all models, confounders included maternal age (years), marital status (married or living together v. single, widowed, divorced), number of household members (a continuous variable), child's age (months), child's sex, and living with ones' mother, mother-in-law or sister (as a proxy variable for childcare support).
Based on prior literature suggesting that (i) the employment-nutritional status relationship varies by maternal educational attainment and (ii) education may be a determinant of participation in formal v. informal sector employment, we tested for effect modification by maternal education by including an interaction term (1, 4, 29, 30, 38) . We hypothesized a priori that within the formal or informal sector, better-educated, more skilled mothers are likely to have higher-skilled occupations that contribute to their sense of self-worth, improve decision-making power and increase their efficiency of time use, which could facilitate high-education mothers, compared with low-education mothers, differentially prioritizing health and nutrition (39, 40) . Less-educated mothers likely have lower-skilled jobs, within the formal or informal sector, and co-workers who may be less knowledgeable about health-promoting nutrition practices and therefore less likely to share ideas regarding nutrition. Additionally, mothers with lower educational attainment may enter the workforce out of necessity, whereas mothers with higher educational attainment may do so voluntarily. This is generally consistent with Goldin's hypothesis, which proposes a U-shaped relationship between country level of economic development, coinciding with an increase in average educational attainment, and labour force participation (41) . Goldin's hypothesis suggests that women's participation is highest in low-income countries, where average educational attainment is lower and women work out of necessity. In lower middle-income countries, female labour force participation is lower; the bottom of the U-shape occurs in countries with incomes of about $US 2500 per capita (in 1980) and is thought to be due in part to relatively lower wages for agriculture-based jobs in these countries. In these contexts, the opportunity costs of employment may not outweigh the perceived benefits of remaining at home. As economic development continues to increase (i.e. countries transition to upper middle-income or high-income), education levels rise and women re-enter the work force to take advantage of relatively skilled jobs as they emerge. Across all LMIC in this sample, approximately 50 % of women had less than a primary level of school completed. Therefore, education was modelled as a binary variable, with low education defined as less than a primary level of education completed and high education defined as at least primary school completed.
We hypothesized that the employment-overweight association would vary by countries' stage in the nutrition transition because the socio-economic gradient of overweight prevalence shifts as countries economically develop (42) . We explored differences in the country-level associations by log (GDP per capita), adjusted for purchasing power parity and percentage urban, both theorized drivers of the nutrition transition (12) . These data were obtained from the World Development Indicators database, corresponding to the survey year (43) . GDP per capita was log-transformed to reflect the expected influence of a percentage increase (e.g. 10 %), rather than an absolute dollar increase (e.g. $US 10). Percentage urban was defined as the number of people living in urban areas divided by the total population.
Statistical analyses
Within-country analyses
We employed separate multivariable logistic regression models for each country to test the association between maternal employment and childhood overweight. Taylorseries linearized SE accounted for the clustered design and we utilized DHS sampling weights to account for differential probability of selection and response.
With the inclusion of an interaction term, we tested for effect modification in the maternal employment-child overweight association by maternal educational attainment in our primary models, using a post hoc Wald test. We retained the interaction term only if it was statistically significant (n 7). In countries where the association did not vary by education (n 38), education was included as a confounder.
Between-country analyses
After obtaining disaggregated estimates for each country, coefficients for the employment-overweight associations were entered into a meta-analysis to obtain OR pooled across countries. Random-effects meta-analysis, used to generate pooled OR (POR), is the statistical combination of the estimates from separate countries (i.e. it utilizes the country-specific β coefficient) and assumes that the magnitude of the association between employment and overweight may differ by country. We estimated POR for three subgroups: (i) children in countries where the association did not vary by maternal education; (ii) children of women with low educational attainment in countries where the association varied by maternal education; and (iii) children of women with high educational attainment in countries where the association varied by education. Additionally, country-specific β coefficients were entered into a random-effects meta-regression in order to assess whether the association between employment and child overweight varied by country-level log(GDP) and percentage urban (44) .
Sensitivity analyses
Sensitivity analyses included modelling BMI Z-score (measured continuously) and at-risk-of-overweight (BMI Z-score >1) as the outcomes. We also modelled underweight (weight-for-age Z-score (WAZ) < − 2) and normal weight (defined both as WAZ ≥ − 2 to <2 and BMI Z-score ≥ − 2 to <2) as outcomes to assess whether the results were consistent with the outcome of overweight. Additional robustness checks included: (i) excluding wasted children (BMI Z-score < − 2) from the analysis; (ii) stratifying results based on child's age (≤24 months v. >24 months); (iii) controlling for birth order; and (iv) controlling for maternal BMI. We also assessed our results when including current breast-feeding status (yes/no) as a covariate, which we hypothesize could influence mothers' entry into the workforce. We was set α to 0·05 for main effects and to 0·10 for interaction terms (45, 46) . Analyses were performed using the statistical software package Stata version 14.1.
Results
Overall, 23 % of mothers were formally employed and 32 % of mothers were informally employed. The mean age for children was 1·9 (SD 1·4) years and 47 % had a mother with at least a primary level of education (Table 1) . Most formally employed women (61 %) had a high level of education, compared with 32 % of informally employed women and 50 % of non-employed women (see online supplementary material, Supplemental Table 2 ). Children of formally and informally employed women had a similar prevalence of overweight (6 %), but prevalence rates across countries were wide-ranging (Table 1) .
Formal employment was associated with higher odds of childhood overweight in three countries (Egypt, Ghana, Kenya) and lower odds of overweight in three other countries (Nigeria, Pakistan, Yemen; Figs. 2 and 3).
Informal employment was associated with higher odds of overweight in five countries (Cameroon, Chad, Colombia, Egypt, Haiti) and lower odds in another five countries (Peru, Rwanda, Sierra Leonne, Timor-Leste, Yemen; Figs. 2 and 3). When pooling estimates across all forty-five LMIC, neither formal employment (POR = 0·99; 95 % CI 0·89, 1·1) nor informal employment (POR = 0·99; 95 % CI 0·89, 1·1), compared with non-employment, was associated with child overweight (Table 2) . Like estimates pooled across all LMIC, in countries where the association did not vary DRC, Democratic Republic of Congo; DR, Dominican Republic. *Total and country-specific sample sizes are unweighted. The numbers of observations and percentages, and means and SD in the case of child's age, were estimated using the country-specific sample weight. †Overweight (BMI Z-score > 2) was defined based on the 2006 WHO Child Growth Standards (33) . ‡Type of employment was based on four indicators: (i) employment during the last 12 months (yes, no); (ii) aggregate occupation category (skilled, unskilled); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and (iv) seasonality of employment (all year, seasonally, occasionally). §Maternal education level was dichotomized as less than secondary level of education and at least secondary level of education based on the high percentage (90 %) of women with at least secondary level of education completed. ║Employment type was based on employment status, occupation category and earnings only because seasonality of employment was not queried in this survey.
¶Employment type was based on employment status, type of earnings and seasonality only because occupation type was not queried in this survey. Fig. 2 Forest plots showing the relationship between maternal employment (a, formal employment; b, informal employment) and childhood overweight in thirty-eight low-and middleincome countries where the association did not vary by maternal education. The study-specific OR and 95 % CI are represented by the black diamond and horizontal line, respectively; the area of the grey square is proportional to the specific-study weight to the overall meta-analysis. The centre of the open diamond represents the pooled OR and its width represents the pooled 95 % CI. Country-specific OR ratios are estimated using logistic regression. Pooled OR are generated using meta-analysis and pool estimates across countries. Childhood overweight is defined as BMI Z-score > 2 based on the 2006 WHO Child Growth Standards (33) . Models were adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex, substitute childcare provider (yes, no) and maternal education (less than primary education, at least primary education completed) The study-specific OR and 95 % CI are represented by the black diamond and horizontal line, respectively; the area of the grey square is proportional to the specific-study weight to the overall meta-analysis. The centre of the open diamond and the vertical dashed line represent the pooled OR; the width of the open diamond represent represents the pooled 95 % CI. Country-specific OR are estimated using logistic regression. Pooled OR ratios are generated using meta-analysis and pool estimates across countries. Childhood overweight is defined as BMI Z-score > 2 based on the 2006 WHO Child Growth Standards (33) . Models were adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex and substitute childcare provider (yes, no). Models include an employment × education interaction term (less primary education, at least primary education completed) by education, neither formal nor informal employment was associated with childhood overweight (formal: POR = 1·0; 95 % CI 0·9, 1·1; informal: POR = 0·97; 95 % CI 0·88, 1·1).
Heterogeneity by maternal level of education
The association between employment and child overweight varied by maternal education in seven LMIC (Table 2 and Fig. 3 ). Children of formally employed women with high education had higher odds of overweight compared with children of non-employed women with high education (POR = 1·2; 95 % CI 1·0, 1·4). Additionally, maternal education modified the magnitude of the relationship between formal employment and childhood overweight. The combination of high education and formal employment (v. high education and non-employment) was associated with larger odds of childhood overweight, compared with the analogous combination of low education and formal employment (v. low education and non-employment; POR for difference in the associations = 1·7; 95 % CI 0·97, 2·9; P = 0·063).
Informal employment was not associated with overweight among children of women with low or high education (low education: POR = 1·2; 95 % CI 0·68, 2·2; high education: POR = 1·0; 95 % CI 0·87, 1·3). The magnitude of the association between informal employment and overweight was not different among children of women with high v. low education.
The meta-regression results indicated that neither the formal employment-overweight nor the informal employment-overweight association differed by log(GDP) or urbanization (Table 3 and online supplementary material, Supplemental Figs 1 and 2 ).
Sensitivity analyses
Results were substantively similar in magnitude and direction when including current breast-feeding status as a confounder (online supplementary material, Supplemental Table 3 ), when excluding wasted children (Supplemental Table 4 ), when controlling for maternal BMI (Supplemental Table 5 ) and when controlling for birth order (Supplemental Table 6 ). However, when controlling for maternal BMI, the association between formal employment (compared with non-employment) and overweight among children of women with high education was no longer significant (POR = 1·1; 95 % CI 0·97, 1·4).
When stratifying results by child's age, results were unchanged in countries where the employment-overweight association did not vary by education. In countries where the association varied by education, children aged >24 months of formally employed women with high education had higher odds of overweight (POR = 1·3; 95 % CI 1·0, 1·7), compared with children aged >24 months of non-employed women with high education (online supplementary material, Supplemental Table 7 ). The point estimate for the analogous association among children ≤24 months of age was somewhat lower, but in the same direction (POR = 1·1; 95 % CI 0·80, 1·6).
Results were unchanged when modelling at-risk-ofoverweight as the outcome (Table 4) . Notably, children of formally employed mothers, compared with nonemployed, had lower odds of underweight (POR = 0·83; 95 % CI 0·76, 0·90; Table 4 ). Correspondingly, children of formally employed mothers had higher odds of normal weight when defined based on WAZ (POR = 1·2; 95 % CI 1·1, 1·3; Table 4 ). The point estimate was in the same direction when normal weight was defined based on BMI Z-score (POR = 1·1; 95 % CI 0·98, 1·2). Informal employment was not associated with underweight, although the point estimates went in the same direction as those for formal employment, in countries where the employmentoverweight association varied by education (low education: POR = 0·91; 95 % CI 0·70, 1·2; high education: (33) . Models are adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex and proxy substitute childcare provider (yes, no). Models which did not retain the employment × education interaction term are also adjusted for maternal education (less than primary education, at least primary education). †Total sample size is unweighted. ‡The following strata experienced small cell sizes, resulting in observations being omitted from the model: Armenia (childcare proxy n 1); Bangladesh (marital status n 79); Burundi (childcare proxy n 8); Ghana (childcare proxy n 19); Mali (childcare proxy n 14); Nepal (childcare proxy n 18, marital status n 4); Pakistan (childcare proxy n 26); Tajikistan (childcare proxy n 12); Uganda (childcare proxy n 24). §Type of employment was based on four indicators: (i) employment during the last 12 months (yes, no); (ii) aggregate occupation category (skilled, unskilled); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and (iv) seasonality of employment (all year, seasonally, occasionally). ║The employment × education interaction term was retained in the following countries: Colombia, Dominican Republic, Ethiopia, Haiti, Namibia, Tanzania and Timor-Leste. The relative difference in the employment-overweight association, comparing mothers with high and those with low education, is: for formal employment, POR = 1·7 (95 % CI 0·97, 2·9); for informal employment, POR = 0·71 (95 % CI 0·33, 1·5). POR = 0·91; 95 % CI 0·60, 1·4). Informal employment was associated with normal weight when defined based on BMI Z-score (POR = 1·1; 95 % CI 1·0, 1·2). The point estimate went in the same direction when normal weight was defined based on WAZ (POR = 1·0; 95 % CI 0·92, 1·1). Finally, children of formally employed mothers, compared with children of non-employed mothers, had a higher BMI Z-score (pooled β = 0·042; 95 % CI 0·002, 0·082; Table 5 ). The point estimate for the relationship between informal employment and BMI Z-score followed a similar positive trend (pooled β = 0·033; 95 % CI −0·010, 0·076). Log(GDP), gross domestic product per capita, adjusted for purchasing power. *β coefficients were generated using meta-regression and pool estimates across country subgroups. Models were adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex and substitute childcare provider (yes, no). Models which did not retain the employment × education interaction term were also adjusted for maternal education (less than primary level of education, at least primary level of education). †Log(GDP) and percentage urban were obtained from the World Development Indicators database (43) and correspond to the survey year used. ‡Percentage urban was defined as the number of people living in urban areas divided by the total population. §Type of employment was based on four indicators: (i) employment during the last 12 months (yes, no); (ii) aggregate occupation category (skilled, unskilled); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid), and (iv) seasonality of employment (all year, seasonally/occasionally). ║The employment × education interaction term was retained in the following countries: Colombia, Dominican Republic, Ethiopia, Haiti, Namibia, Tanzania and Timor-Leste. Table 4 Pooled OR for the relationship between maternal employment and childhood underweight, normal weight and at-risk-of-overweight in selected low-and middle-income countries* 
Countries where the association varied by education: low education §
Countries where the association varied by education: high education §
Informal employment ‡ All low-and middle-income countries
Countries where the association did not vary by education
WAZ, weight-for-age Z-score. *Pooled OR were generated using meta-analysis and pool estimates across country subgroups. Weight status was defined based on the 2006 WHO Child Growth Standards (33) . Models were adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex and proxy substitute childcare provider (yes, no). Models which did not retain the employment × education interaction term were also adjusted for maternal education (less than primary education, at least primary education). †Total sample size is unweighted. ‡Type of employment was based on four indicators: (i) employment during the last 12 months (yes, no); (ii) aggregate occupation category (skilled, unskilled); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and (iv) seasonality of employment (all year, seasonally, occasionally). §The employment × education interaction term was retained in the following countries: Colombia, Dominican Republic, Ethiopia, Haiti, Namibia, Tanzania and Timor-Leste.
Discussion
The present study leveraged data from forty-five countries to investigate whether there was any association between maternal employment and childhood overweight in LMIC. As environments change, it is important to better understand the benefits, as well as any unintended consequences, of maternal employment on children's weight Table 5 Adjusted linear regression for the relationship between formal and informal maternal employment and child BMI Z-score in selected low-and middle-income countries* Mean BMI Z-score 
DRC, Democratic Republic of Congo, DR, Dominican Republic. *Country-specific β coefficients are estimated using linear regression. All models were adjusted for maternal age (years), marital status (married, not married), number of household members, child's age (months), child's sex and proxy substitute childcare provider (yes, no). Models which did not retain the employment × education interaction term were also adjusted for maternal education (less than primary level of education, at least primary level of education). Pooled coefficients are generated using meta-analysis and pool estimates across all low-and middle-income countries. †Type of employment was based on four indicators: (i) employment during the last 12 months (yes, no); (ii) aggregate occupation category (skilled, unskilled, unemployed); (iii) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and (iv) seasonality of employment (all year, seasonally/occasionally). ‡Small cell sizes resulted in missingness in some overweight models. These observations were retained in the above models where BMI Z-score was the outcome: Armenia (childcare proxy n 1); Bangladesh (marital status n 79); Burundi (childcare proxy n 8); Ghana (childcare proxy n 19); Mali (childcare proxy n 14); Nepal (childcare proxy n 18, marital status n 4); Pakistan (childcare proxy n 26); Tajikistan (childcare proxy n 12); Uganda (childcare proxy n 24). §Maternal education level was dichotomized as less than secondary level of education and at least secondary level of education. ║Employment type based on employment status, occupation and earnings only because seasonality of employment was not queried in this survey. ¶Includes employment × education interaction term. **Employment type based on employment status, type of earnings and seasonality only because occupation type was not queried in this survey.
status given the potential need for additional policies and programmes to support women in the workplace and prevent childhood overweight. In most countries, we did not observe an association between formal or informal employment and childhood overweight. However, children of employed mothers had a modestly higher BMI Z-score, higher odds of normal weight and lower odds of underweight. The employment-overweight association varied by maternal education level in seven countries. In these countries, children of formally employed women with high education had higher odds of overweight compared with children of non-employed women with high education. Contrary to results from South Africa and high-income countries, we found that neither formal nor informal maternal employment was associated with risk for childhood overweight in most countries (1) (2) (3) (4) 18) . The low prevalence of overweight in some strata (e.g. children of informally employed women) is one plausible reason that we found a null association in most LMIC. However, several other factors may help explain these null findings.
In multigenerational households where grandmothers are in part responsible for meal preparation, eating patterns at home may not change even if the mother is employed. Also, young children may have limited access to energydense foods in these contexts. Alternatively, children still have a negative BMI Z-score on average (BMI Z-score: −0·065); in contexts where the BMI Z-score is still negative on average, earned income may be going towards goods that are currently associated with healthy weight gain in LMIC. Correspondingly, energy needs of children aged 0-5 years are relatively high, due to growth (47) . Subsequently, increases in household food expenditures may result in only modest shifts in energy balance.
Differences in the work and home environments in most LMIC, compared with higher-income contexts like South Africa or the USA, also offer possible explanations for our findings. Informal employment may afford flexibility in hours and allow children in LMIC to accompany their mother to work. This is in stark contrast to the formal labour market in the USA, which demands longer working hours and offers childcare arrangements that are less flexible. Evidence also suggests that increased screen time among children is a key mechanism of the employmentchildhood overweight association in the USA (4) . Screen time promotes sedentary behaviour, but also increases children's exposure to food-related advertisements; however, children in LMIC are subject to less screen time than children in the USA (4, 48) . At the same time, we found that formal employment and (to a lesser degree) informal employment, compared with non-employment, are associated with beneficial effects on children's weight status as maternal employment was associated with a higher BMI Z-score, paired with higher odds of normal weight and lower odds of underweight. In this sample, a higher BMI Z-score seems to be a positive change to average weight status. However, we expect that over time there will be increases in women's labour force participation in LMIC and in the future, there will be a rightward shift in the BMI distribution among children, like we have seen in adults in these contexts (49) . In a well-nourished population, a positive association between maternal employment and BMI Z-score could have unintended consequences for childhood obesity risk. Having followed a similar pattern in the USA, it is estimated that maternal employment contributed to approximately 10 % of the overall increase in childhood overweight (5) . Among children of women with high education, we found that formal employment, compared with nonemployment, was associated with higher odds of overweight (POR = 1·2; 95 % CI 1·0, 1·4). Formally employed mothers may have additional time constraints compared with their non-employed counterparts, which could lead to higher odds of childhood overweight. Descriptive data from the Philippines suggest that employed mothers, compared with non-employed mothers, spend 3.2 h less per day on childcare and evidence suggests that unsupervised children consume more energy, as compared with supervised children, which would be expected to ultimately affect child weight status (11, 50) . Formally employed, more highly educated women are among the wealthiest women in many LMIC (Supplemental Table 2 ). In countries at an earlier phase of the nutrition transition (e.g. Ethiopia, Tanzania), we might expect that wealthier women are able to use their earned income from employment to increase their purchase of energy-dense foods (10, 11) . Comparatively, in countries further along in the nutrition transition (i.e. upper middle-income), energydense foods may be affordable and accessible to almost everyone, including lower-income women. The transformation of the food and built environments as LMIC undergo their nutrition transition, such as the spread of supermarkets and availability of ultra-processed foods, may provide an enabling environment for the hypothesized changes among children of formally employed women with high education (51) (52) (53) . We additionally found that the formal employment effect differed by maternal education level (high v. low education: POR = 1·7; 95 % CI 0·97, 2·9; P = 0·063). Although contrary to our hypothesis that higher maternal education (v. lower education) within the formal or informal sector would be associated with lower odds of child overweight, our findings are similar to US-based studies which find that the risk of child overweight associated with employment is greater for more highly educated women than it is for lesseducated women (1, 4) . More highly educated formally employed women are more likely to be shifting into fulltime employment, as those types of jobs emerge in the formal labour sector in LMIC (41) . Therefore, highly educated, formally employed women may be working longer hours, resulting in increased time constraints. We speculate that these women may spend less time preparing meals or caring for their child, which could lead to increased childhood overweight through increased reliance on readyprepared foods which tend to be more energy-dense (54) . It also may be difficult to find caregivers who have knowledge and skills equal to those of more highly educated mothers (17) . Women with relatively low education in the formal sector may be employed in positions that are lower paying and entail longer hours (e.g. factory work or shift work), compared with women with a high education (e.g. teacher). For these women with low education, more nominal increases in income may not afford substantive increases in household food expenditures and, in particular, may not allow mothers to increase their purchase of energy-dense foods (29) .
The limitations of our study should be noted. Our findings may not be generalizable to older aged children and adolescents and children who are not living in the same residence as their mother. Similarly, countries retained for these analyses may not be representative of other LMIC which no longer participate in DHS, such as upper middle-income countries that now administer their own survey (e.g. Mexico). This sample includes mostly low-income countries (n 24), which may limit our ability to observe variation in the association by country-level factors. We cannot infer causality and unmeasured or residual confounding is possible with the use of cross-sectional data. Countries are likely at different stages of their nutrition transitions, but we have aimed to keep samples comparable by selecting countries with a recent DHS (2010-2016) and we allow for different relationships in each country by starting with disaggregated estimates. Finally, non-employed women who choose to not seek employment are likely different from non-employed women who are actively seeking employment, and those differences could affect child overweight risk. However, we cannot distinguish between these two types of women in the DHS.
Despite some limitations, a key strength of the present study is utilizing data from forty-five countries to gain a better understanding of the maternal employment-childhood overweight relationship as countries undergo their nutrition transition. Moreover, these results have several implications for public health. These findings suggest that countries should continue to monitor child overweight prevalence in relation to maternal employment status. There may also be an opportunity to prevent future increases in childhood overweight like those observed in the USA. Countries could consider implementing policies which both support women's employment and may prevent childhood overweight; as more women are expected to enter the formal labour force in LMIC, such policies might include subsidized childcare, with provisions for providing healthy food, or include programmes modelled after Head Start which has had beneficial effects on children's BMI in the USA (55) .
Conclusions
Utilizing nationally representative data, we did not observe an association between formal or informal employment and overweight in most LMIC. Yet, overall, our results indicate that employment is associated with a modestly higher BMI Z-score, higher odds of normal weight and lower odds of underweight, suggesting that maternal employment is currently associated with beneficial effects on children's weight status in LMIC. As countries undergo their nutrition transitions and BMI Z-scores increase among children on average, it will be important to continue to monitor trends of childhood overweight in relation to maternal employment to both support women in the workforce and mitigate future risk of overweight among children in LMIC.
